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(57) ABSTRACT 

A telecommunication system includes a plurality of appli 
cations, a plurality of telecommunication resources, and a 
telecommunication services kernel. At least one telecommu 

nication resource is capable of generating an event and each 
application is capable of responding to an event. The tele 
communication services kernel couples a requested appli 
cation triggered by the event With telecommunication 
resource required by the application. The telecommunica 
tion service kernel also de-couples the requested application 
and the required telecommunication resource in response to 
the requested application completing execution. The 
required telecommunication resource is noW available to 
other applications. A method for allocating a telecommuni 
cation resource to an application in a telecommunications 
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TELECOMMUNICATION RESOURCE 
ALLOCATION SYSTEM AND METHOD 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of US. patent 
application Ser. No. 09/072,436, ?led on May 4, 1998, the 
contents of Which are herein incorporated by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] This invention relates to the ?eld of telecommuni 
cations systems, and more particularly, to systems and 
methods for allocating telecommunication resources to an 
application in a telecommunications system. 

[0004] 2. Description of the Related Art 

[0005] Conventional computer telephony products alloW 
for connecting applications to particular computer telephony 
resources, or components. To connect these components 
Within a computer telephony product, the application must 
be Written to use each manufacturers programming interface 
for the application to be able to communicate With the 
telephony resources. For each telephony resource Within a 
computer telephony product, it is necessary to Write a 
portion of the application that is dedicated to issuing instruc 
tions to that particular type of telephony resource. 

[0006] In conventional computer telephony products, each 
application includes a design phase, coding phase, testing 
phase, and integration phase. Speci?cally, each portion of 
the application must be designed to integrate With a speci?c 
functionality of each dedicated computer telephony resource 
and the overall product. This functionality is speci?cally 
coded, or Written, using computer language code. Each 
coded portion of the application is then tested to ensure that 
it functions exactly as designed. Finally, each portion of the 
application must be integrated to create the ?nal product. 

[0007] In creating such conventional computer telephony 
products, multiple development paths are folloWed during 
the development cycle. Further, the complexity of conven 
tional computer telephony products requires a large number 
of paths and a large number of operations along each path. 
Speci?cally, these paths must be folloWed for each portion 
of the overall system, such as an interface to a particular 
computer telephony resource or a particular user interface. 
Moreover, in every instance that a computer telephony 
resource is changed or added, the appropriate development 
paths must also be changed or added. This is particularly 
troublesome When the computer telephony resource 
involves different types of hardWare. 

[0008] To help ease development, a ?rst generation of 
softWare based computer telephony products used Computer 
Aided SoftWare Engineering (CASE) tools to design sys 
tems. These conventional CASE development systems make 
it easier to determine hoW many paths or What changes are 
needed on a given path to build or recon?gure a computer 
telephony product. These conventional systems, hoWever, 
do not reduce complexity because they can not, for example, 
reduce the number of paths needed to complete changes in 
a conventional computer telephony product. 
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[0009] A second generation of softWare based computer 
telephony products used Code Generators (CG) to design 
systems. The CG development systems automated the pro 
cess for developing paths to completion. This makes the 
actual time spent folloWing the paths to completion more 
reasonable. Conventional CG developed or derived systems, 
hoWever, have numerous draWbacks. For example, similar to 
the conventional CASE developed systems the CG devel 
oped systems cannot reduce the number of paths necessary 
to be folloWed for completion. 

[0010] Moreover, any additional computer code input 
beyond that generated by the CG program is lost and must 
to be re-done for each change in the path to completion. 
These changes, of course, are tedious and laborious and the 
process is prone to introducing neW or additional errors into 
the computer telephony product. 

[0011] To further help ease the development process, a 
third generation of computer telephony products developed 
through the vendor companies that produce the computer 
telephony resources. Speci?cally, these vendors developed 
tWo divergent design schemes that provide design speci? 
cations that computer telephony resource manufactures 
might folloW. If folloWed, the speci?cations alloW for com 
puter telephony resources from different vendors to operate 
Within the same computer telephony product. 

[0012] The ?rst of the tWo design schemes developed is 
Multi-Vendor Interface Protocol (“MVIP”) and the second 
design scheme is SCBus. It is noted that the original design 
scheme Was called SCSA for Signal Computing System 
Architecture, later this Was modi?ed to SCBus, Which is 
Signal Computing Bus, and it has noW been extended for 
multi-chassis integration and is call SCxBus for Signal 
Computing extended Bus. 

[0013] Although these design schemes alloW for having 
multi-vendor computer telephony resources Within a single 
conventional computer telephony product, there are still 
draWbacks to this generation of computer telephony prod 
ucts. Foremost among the problems is that these standards 
only apply to the communications betWeen telephony 
resources and make no changes in the application to tele 
phony resource communication. That is, With the MVIP or 
SCBus protocol, it is possible to put different vendor’s 
hardWare into the same product, but the application must 
still be Written to each individual telephony resource Within 
the product. 

[0014] In an attempt to address the shortcomings of the 
previous three generations, a fourth generation of computer 
telephony products Was developed. These conventional 
computer telephony products Were developed using the 
MVIP and SCBus design schemes and layered on a neW 
application protocol that alloWed multiple applications to 
run on a given set of computer telephony resources. 

[0015] These conventional computer telephony products 
do alloW for allocating multiple computer telephony 
resources among multiple applications, but only in a static 
manner. That is, resource allocation in these products is ?xed 
during an initialiZation of the product by using a con?gu 
ration ?le provided by a product administrator and this 
con?guration ?le cannot be changed Without re-starting or 
re-initialiZing the product Which, of course, requires all 
applications to be shut doWn. 
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[0016] This fourth generation of computer telephony 
products still has a number of drawbacks. For example, the 
computer telephony resources must be allocated to an appli 
cation before any application goes into operation. Further, 
these products lack ?exibility, such as dynamic con?gura 
tion, because all resources must be allocated at initialiZation 
to particular applications. Moreover, these products lack 
dynamic scalability because the addition or subtraction of 
neW computer telephony resources requires re-start and 
re-initialiZing of the computer telephony product. 

[0017] Therefore, there is a need for a telecommunication 
system and method that (1) alloWs for dynamic con?gurabil 
ity of telecommunication resources that (2) does not require 
applications to be dedicated to particular telecommunication 
resources at development or system initialiZation, While (3) 
providing system ?exibility and scalability by alloWing for 
addition or subtraction of telecommunication resources 
Without re-initialiZing the telecommunication services sys 
tem and (4) provides feWer and shorter paths to completion 
for applications. 

SUMMARY OF THE INVENTION 

[0018] The present invention includes a telecommunica 
tion (including computer telephony) system and a method 
for dynamically allocating one or more telecommunication 
resources to a requesting telecommunications application 
Within a telecommunications product. The present invention 
includes computer hardWare components; for example, a 
central processing unit, a memory, and a storage device that 
are coupled through a data bus line. The present invention 
may also include other computer hardWare components; for 
example, a video card, a serial port, a device controller, and 
a netWork card. 

[0019] In one embodiment, the telecommunication system 
or product also a plurality of telecommunication resources 
and a telecommunication services kernel. The telecommu 
nication system Works With one or more applications that 
provide telecommunication functions. Each application is 
capable of responding to an event generated Within the 
telecommunication system. Further, at least one telecommu 
nication resource is capable of generating an event for a 
requested application. This event may include executing 
(processing) a requested application. 

[0020] The telecommunication services kernel couples the 
requested application With a required telecommunication 
resource or resources for that application. When the appli 
cation completes execution and ?nishes use of the telecom 
munication resource or resources, the telecommunication 
services kernel de-couples the required telecommunication 
resource or resources from the requested application and 
makes it available for another instance of that application or 
another application Within the system. 

[0021] In one embodiment, the telecommunication ser 
vices kernel includes a system manager module, a session 
manager module, a hardWare manager module, a resource 
manager module, and a connection manager module. The 
modules are coupled through a core services module inter 
face to a core services module. The core services module 

passes messages betWeen an operating system that interfaces 
With the hardWare components of the telecommunication 
system, and the modules of the telecommunication services 
kernel. 
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[0022] The system manager module provides an inventory 
of the plurality of logical telecommunication resources in 
the telecommunication system. In addition, the system man 
ager starts applications as requested in response to the event. 
The session manager module is coupled to the system 
manager and registers each application that is started and 
currently executing in the telecommunication system. 

[0023] The hardWare manager module initially con?gures 
each physical telecommunication resource and maps physi 
cal resources into logical units that is in or added to the 
telecommunication system. The hardWare manager module 
also tracks each telecommunication resource that is not 
allocated from the plurality of telecommunication resources. 
The resource manager is coupled to the hardWare manager 
module. The resource manager module tracks each telecom 
munication resource that is allocated to and in use by any 
application. 
[0024] The connection manager module is coupled to the 
resource manager module. The connection manager module 
establishes routing information in the telecommunication 
system using internal routing tables, internal and external 
telephony resource mapping, and it’s oWn internal connec 
tion map. The routing information includes voice and data 
paths both internally, as Well as externally to, the telecom 
munication system. 

[0025] Where possible, the connection manager provides 
a route from this routing information to a telecommunication 
resource in response to the telecommunication resource 
needing a particular voice or data path. The connection 
manager then noti?es the application that the path is either 
successfully set up or Was not successful, in Which case each 
application must determine What further action may be 
necessary. 

[0026] The telecommunication system also includes a 
virtual device interface that is coupled, or may be integrated 
With, to the telecommunication services kernel. The virtual 
device interface provides an interface betWeen an applica 
tion and the telecommunication services kernel. The virtual 
device interface is a virtual telephony resource having all 
possible telecommunication resource capabilities. The vir 
tual device interface includes a translation unit, a command 
receive unit, and a command send unit. 

[0027] The command receive unit receives a request from 
the application to perform a particular function. The trans 
lation unit translates this virtual device command from the 
application to the speci?c hardWare-related commands that 
can be understood by the vendoror standards-speci?c tele 
communication resources in the telecommunication system. 
The command send unit issues the speci?c commands to the 
speci?c telecommunication resource. The components and 
process also function vice versa so that a telecommunication 
resource command is translated for the application. 

[0028] Thus, applications may be Written to this single 
interface rather than to each speci?c interface associated 
With each telecommunication resource. This alloWs devel 
opment of systems Without prior knoWledge or understand 
ing of the capabilities of particular hardWare vendors or 
other telephony resources, thereby reducing and shortening 
the number of development paths necessary. 

[0029] The telecommunication system provides a process 
for dynamically assigning at least one telecommunication 
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resource to the application requesting the telecommunica 
tion resources in response to the triggering event signal. 
Speci?cally, the event signal is received by the telecommu 
nication services kernel. The telecommunication system 
starts and eXecutes an application in response to the event 
signal. 
[0030] The application then signals a request for a tele 
communication resource from the telecommunication ser 
vices kernel. In response to this request, the telecommuni 
cation services kernel determines if a telecommunication 
resource is available for allocation. If a telecommunication 
resource is available for allocation it proceeds to allocate 
that available telecommunication resource to the applica 
tion. If telecommunication resources are not available, the 
application is noti?ed and the application provides further 
responses as to a relevant course of action. 

[0031] When the application completes execution, it noti 
?es the telecommunication services kernel. The telecommu 
nication services kernel de-allocates the telecommunication 
resource from the application. The telecommunication 
resource is noW available to be allocated for a future request 
for a telecommunication resource by an application. 

[0032] The telecommunication system and method of the 
present invention advantageously alloWs for allocating a 
telecommunication resource to an application in a dynamic 
manner. By keeping a single pool or multiple administrator 
de?ned pools of telecommunication resources, rather than 
dedicating each particular telecommunication resources to 
particular applications, the present invention bene?cially 
increases overall system utiliZation and ef?ciency. More 
over, the present invention decreases system costs because 
more applications can be introduced into the system Without 
having to arrange for additional dedicated telecommunica 
tion resources. 

[0033] In addition, the present invention alloWs for tele 
communication resources to be dynamically added or sub 
tracted from the telecommunication system Without having 
to re-start and re-initialiZe because the telecommunication 
services kernel manages the telecommunication resources 
and the applications are not dedicated to any particular 
telecommunication resource. Further, application develop 
ments costs are also reduced because applications can be 
Written to a single, standardiZed virtual device interface so 
that concerns of Writing to speci?c or particular vendor or 
manufacturer de?ned telecommunication resource speci? 
cations are eliminated. 

[0034] The features and advantages described in the speci 
?cation are not all inclusive and, in particular, many addi 
tional features and advantages Will be apparent to one of 
ordinary skill in the art in vieW of the draWings, speci?ca 
tion, and claims. Moreover, it should be noted that the 
language used in the speci?cation has been principally 
selected for readability and instructional purposes, and may 
not have been selected to delineate or circumscribe the 
inventive subject matter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0035] FIG. 1 is a block diagram illustrating one embodi 
ment of a telecommunication system in accordance With the 
present invention; 
[0036] FIG. 2a is a block diagram illustrating one 
embodiment of a telecommunication service system in 
accordance With the present invention; 
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[0037] FIG. 2b is a block diagram illustrating another 
embodiment of a telecommunication service system in 
accordance With the present invention; 

[0038] FIG. 3 is a block diagram illustrating one embodi 
ment of a telecommunication sub-system in a memory that 
interfaces With a central processing unit in accordance With 
the present invention; 

[0039] FIG. 4 is a block diagram illustrating one embodi 
ment of a telecommunication service kernel in accordance 

With the present invention; 

[0040] FIG. 5 is a block diagram illustrating one embodi 
ment of a system manager module in accordance With the 

present invention; 

[0041] FIG. 6 is a block diagram illustrating one embodi 
ment of a session manager module in accordance With the 

present invention; 

[0042] FIG. 7 is a block diagram illustrating one embodi 
ment of a hardWare manager module in accordance With the 

present invention; 

[0043] FIG. 8 is a block diagram illustrating one embodi 
ment of a resource manager module in accordance With the 

present invention; 

[0044] FIG. 9 is a block diagram illustrating one embodi 
ment of a connection manager module in accordance With 

the present invention; 

[0045] FIG. 10 is a block diagram illustrating one 
embodiment of a virtual device interface in accordance With 

the present invention; 

[0046] FIG. 11 is a How diagram illustrating one embodi 
ment of a general process for allocating a telecommunica 
tion resource to an application in a telecommunication 

system in accordance With the present invention; 

[0047] FIG. 12 is a How diagram illustrating one embodi 
ment of a process for eXecuting an application in a telecom 
munication system in accordance With the present invention; 

[0048] FIG. 13 is a How diagram illustrating one embodi 
ment of a process for preparing allocation of a telecommu 
nication resource to an application in a telecommunication 
system in accordance With the present invention; 

[0049] FIG. 14 is a How diagram illustrating one embodi 
ment of a process for establishing a connection betWeen a 
telecommunication resource allocated to an application and 
another point in accordance With the present invention; 

[0050] FIG. 15 is a How diagram illustrating one embodi 
ment of a process for communication betWeen an application 
and an allocated telecommunication resource through a 
virtual device interface in accordance With the present 
invention; and 

[0051] FIG. 16 is a How diagram illustrating one embodi 
ment of a process for decoupling and returning an assigned 
telecommunication resource from an application back to a 
pool of telecommunication resources in a telecommunica 
tion system in accordance With the present invention. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0052] The present invention includes a telecommunica 
tion (including computer telephony) system and a method 
for dynamically allocating one or more telecommunication 
resources to a requesting telecommunication application. 

[0053] FIG. 1 is a block diagram illustrating one embodi 
ment of a telecommunication system 100 in accordance with 
the present invention. The telecommunication system 100 
includes a primary telecommunication service system 110. 
The telecommunication system 100 may also include one or 
more additional telecommunication service systems 110‘ and 
a network 120. 

[0054] The primary telecommunication service system 
110 and the additional telecommunication service systems 
110‘ are coupled as nodes on the network 120. The network 
120 can be any data passing network, for example, local area 
network, wide area network, telecommunication network, or 
computer system data bus. Further, a connection to a public 
switched telephone network (“PSTN”) can be made from 
any node (i.e., the primary node 110 or any of the additional 
nodes 110‘) within the system. 

[0055] FIG. 2a is a block diagram illustrating a second 
embodiment of the telecommunication service system 110a 
in accordance with the present invention. The telecommu 
nication service system 110a includes a central processing 
unit (“CPU”) 205, a memory 210, a storage device 215, one 
or more telecommunication (including computer telephony) 
resources 220a-220n (generally 220), a data bus 225, and a 
meZZanine bus 230. The central processing unit 205, the 
memory 210, the storage device 215, and each of the 
telecommunication resources 220a-220n are coupled 
through the data bus 225. Further, each of the telecommu 
nication resources 220a-220n are coupled to each other 
through the meZZanine bus 230. 

[0056] The telecommunication service system 110a is 
coupled to one or more standard telecommunication equip 
ment devices or systems (“STE”) 235. Speci?cally, each 
STE device 235 may be coupled to a telecommunication 
resource, e.g., 220c. The STE device 235 is coupled to a 
public switched telephone network (“PSTN”) 240. 

[0057] The central processing unit 205 may be a conven 
tional processor or processing device or system, for 
eXample, a X86 or PentiumTM processor by Intel Corporation 
of Santa Clara, Calif., a SPARC processor by Sun Micro 
systems, Inc. or Palo Alto, Calif., a PowerPC processor by 
Motorola, Inc. of Schaumburg, 111., or other processing 
device or system that processes computer instructions. The 
memory 210 may be a conventional memory device or 
system, for eXample, a dynamic random access memory, a 
static random access memory, or other memory device or 

system that stores dates, instruction, or the like. It is noted 
that the memory 210 may eXtend to include the storage 
device 215. 

[0058] The storage device 215 may be a conventional 
mass storage device or system, for eXample, a hard disk, a 
CD-ROM, a write-able CD-ROM, a ?ash memory, tape 
drive, a compression storage drive, or other storage device 
or system that allows for longer term storage of data, 
instructions, or the like. The data bus 225 may be a con 
ventional data bus, for eXample, an Industry Standard Archi 
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tecture (“ISA”) data bus, a Peripheral Component Interface 
(“PCI”) data bus, or other data bus capable of transferring 
data, instructions, and the like. 

[0059] The telecommunication resource (“TR”) 220 may 
be a conventional or custom line card that interfaces with the 
PSTN 240 or the STE 235, for eXample, a RhetoreX ASI 
Station Interface Card from Lucent Technologies Inc., of 
Murray Hill, N.J., a Natural MicroSystems Station Interface 
Card from Natural MicroSystems, Inc., of Framingham, 
Mass., or other interface card that is cable of interfacing with 
the PSTN 240 or the STE 235. 

[0060] Moreover, the telecommunication resource 220 can 
be integrated with the PSTN 240 or the STE 235. The 
meZZanine bus 230 may be a conventional meZZanine bus, 
for eXample, a Multi-Vendor Interface Protocol (“MVIP”) 
bus, the Signal Computing System Architecture SCBus 
(“SCBus”) or Signal Computing extended bus (“SCXBus”), 
or the like. 

[0061] The STE 235 device or system may be a conven 
tional STE device or system, for eXample, a public branch 
eXchange (“PBX”), a standard telephone, a pay telephone, a 
cellular telephone, an answering system, a playback system, 
a facsimile system, a voice mail system, or other STE device 
or system capable of providing voice, media, or data tele 
communication functions. The PSTN 240 is a conventional 
public switched telephone network, including wireless com 
munication networks, for eXample, those owned and oper 
ated by SBC Communications Inc. of San Antonio, TeX. or 
Cellular One Group of Dallas, Tex., or other public switched 
telephone network that allows for telephone communica 
tions. 

[0062] FIG. 2b is a block diagram illustrating a third 
embodiment of a telecommunication service system 110b in 
accordance with the present invention. The telecommunica 
tion service system 110b includes a central processing unit 
system 205a, a data port system 255, a video system 260, a 
network system 265, a storage controller system 275, a hard 
disk 215a, a high speed communication system 270, a data 
bus 225a, one or more sets (pools or banks) of telecommu 
nication resources (ports) 220a-220b, a meZZanine bus 230a, 
and one or more telecommunication blocks 250. The tele 
communication blocks 250 coupled the PSTN 240 or the 
STE 235 with the telecommunication system 100. In addi 
tion, the telecommunication service system 110b may 
optionally include one or more eXternal telecommunication 
resource systems 280a-280b (generally 280). 

[0063] The central processing unit system 205a, the data 
port system 255, the video system 260, the network system 
165, the storage controller 275, the high speed communica 
tion system 270, and the telecommunication resources 220 
are coupled through the data bus 225a, that serves as a 
backplane. The network system 265 is coupled to the 
network 120. The storage controller system 275 is coupled 
to one or more hard disks 215a. 

[0064] The telecommunication resources 220 are also 
coupled through the meZZanine bus 230a. In one embodi 
ment, the eXternal telecommunication resource system 280 
may be coupled to one or more telecommunication resources 

220, the PSTN 240 (through the telecommunication blocks 
250), the data port system 255, and the high speed commu 
nication system 270. It is noted that the telecommunication 
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resources 220, as Well as the external telecommunication 
resource system 280, may be coupled to the one or both of 
the PSTN 240 and the STE 235. 

[0065] It is noted that the CPU system 205a includes the 
functionality of the central processing unit 205 described 
above. Further, the CPU system 205a may Work in conjunc 
tion With other processor systems Within the telecommuni 
cation service system 110a, for example, those processors 
associated and functioning With the data port system 255, 
video system 260, the netWork system 265, the high speed 
communication system 170, and the storage controller sys 
tem 275. 

[0066] In addition, the hard disk 215a includes the func 
tionality of the storage device or system 215 described 
above. Also, the data bus 225a includes the functionality of 
the data bus 225 described above. For example, in the third 
embodiment of the telecommunication service system 110b, 
the data bus 225a is an ISA/PCI backplane. Further, the 
telecommunication resources 220 are similar to the telecom 
munication resources 220a-220n described above. 

[0067] In one embodiment, the data port system 255 may 
be a conventional data port, for example, a serial data port, 
a parallel data port, or other functionally equivalent data 
port. The video system 260 may be a conventional video 
system, for example, a video graphics array (“VGA”), super 
video graphics array (“SVGA”), extended graphics array 
(“XGA”), or other video system capable of processing video 
signals. The netWork system 265 may be a conventional 
netWork system, for example, a token ring netWork, an 
Ethernet netWork, or other netWork system that provides 
couples to the netWork 120. 

[0068] The high speed communication system 270 may be 
a conventional high speed communication system, for 
example, a ?ber connection system, a fast Ethernet connec 
tion, a T1 or T3 connection, or other high speed communi 
cation system. The storage controller system 275 is a con 
ventional storage controller system, for example, a 
controllers alloWs for controlling the hard disk 215a or other 
functionally equivalent controller for controlling the respec 
tive storage device 215. 

[0069] The external telecommunication resource system 
280 is an apparatus that provides for a bank of telecommu 
nication resources 220. The external telecommunication 
resource system 280 alloWs for the groWth and extension of 
the telecommunication services system 110b. For example, 
the external telecommunication resource system 280 alloWs 
for providing telecommunication resources 220 in locations 
physically remote from the remainder of the telecommuni 
cation service system 110b. Also, for example, the external 
telecommunication resources system 280 alloWs for provid 
ing additional telecommunication resources 220 through a 
single telecommunication service system 110b When physi 
cal space Within that system 110b is already maximiZed. 

[0070] To illustrate one example of hoW the telecommu 
nication service system 110 operates, the folloWing 
examples folloWs a process for initiating a long-distance 
telephone call. For example purposes only, the STE 235 is 
a telephone and one of the telecommunication resources 220 
is a telephony line card to Which the telephone is coupled. 
Also, for this example, one of the other telecommunication 
resources 220 is a telephony line card connected to the 
PSTN 240. 
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[0071] When a user seeks to initiate a long distance call, 
the user Will pick up a receiver coupled to the telephone. The 
telephone triggers a telephone off-hook signal in response to 
the this action. The telephone off-hook signal is an event 
signal that is received by the telecommunications resource 
220 that is coupled With the telephone. The telecommuni 
cation resource 220 signals a system manager module, 
further described beloW, via the CPU 205 that the telephone 
is off-hook. 

[0072] The system manager module aWakens a telecom 
munication services kernel in the memory 210 to prepare for 
performing a function. The kernel is further described beloW. 
When the user dials the long-distance telephone number, the 
telecommunication resource informs the kernel in the 
memory 210 via the CPU 205. The kernel assigns the 
appropriate telecommunication resource 220 via the CPU 
205 so that the telephone can be connected to the PSTN 240 
for making the long distance call. A connection manager 
module, further described beloW, is then evoked via the CPU 
205 to determine the most efficient path for connection 
betWeen the telephone STE 235 and the PSTN 240 and the 
path is completed. 

[0073] FIG. 3 is a block diagram illustrating one embodi 
ment of a telecommunication service sub-system in the 
memory 210 that interfaces With the central processing unit 
205 in accordance With the present invention. The telecom 
munication service sub-system includes an operating system 
310, a core services module 315, and a telecommunication 
services kernel 320. The operating system 310 is coupled 
With the core services module 315 and the central processing 
unit 205. The core services module 315 is coupled With the 
telecommunication service kernel 320. 

[0074] The operating system 310 provides an operating 
interface, via the central processing unit 205, betWeen the 
telecommunication service sub-system and the hardWare 
components (e.g., 215, 220, 225, etc.) of the telecommuni 
cation service system 110. The operating system 310 may be 
a multi-tasking operating system that supports intra-process 
messaging, external or internal to the operating system 310. 
The operating system may be a conventional computer 
operating system, for example, QNX OS by QNX SoftWare 
Systems, Ltd., of Ontario, Canada, OS/2 by IBM Corpora 
tion of Armonk, NY, WindoWs 3.x, WindoWs 95, or Win 
doWs 98 by Microsoft Corporation of Redmond, Wash., a 
UNIX-based operating system, or other computer operating 
system that is capable of supporting messaging. 

[0075] The core services module 315 provides a intra 
process messaging interface betWeen the telecommunication 
service kernel 320 and the operating system 310. The core 
services module 315 includes a messaging interface to 
Which components of the telecommunication service kernel 
320 can communicate With each other as Well as the oper 
ating system. The core services module also provides sta 
tistical information, error logging and reporting, and Watch 
dog capabilities. 

[0076] It is noted that the core services module 315 may 
be integrated With the operating system 310 or the telecom 
munication service kernel 320. The telecommunication ser 
vice kernel 320 manages the telecommunication service 
system 110. For example, the telecommunication service 
kernel 320 maintains an inventory of each telecommunica 
tion resource 220, manages data and voice paths, and 



US 2002/0106068 A1 

determines telecommunication resource 220 allocation 
Within the telecommunication service system 110. The tele 
communication service kernel 320 is further described 
beloW. 

[0077] FIG. 4 is a block diagram illustrating one embodi 
ment of the telecommunication service kernel 320 in accor 
dance With the present invention. The telecommunication 
service kernel 320 includes a system manager module 425, 
a session manager module 430, a hardWare manager module 
435, a resource manager module 440, and a connection 
manager module 445. The system manager module 425, the 
session manager module 430, the hardWare manager module 
435, the resource manager module 440, and the connection 
manager module 445 are coupled through the core services 
module interface 315a. 

[0078] The telecommunication service kernel 320 is 
coupled to one or more applications (generally 410) through 
a virtual device interface 420. Generally, an application 410 
in the telecommunication system 100 includes any telecom 
munication or telephony service for addressing, processing, 
or operating With calls, media, or data in the telecommuni 
cation system 100. The virtual device interface 420 provides 
a common telecommunication resource interface for an 

application 410, and is further described beloW. It is noted 
that the virtual device interface may be integrated With the 
telecommunication services kernel 320. 

[0079] The system manager module 425, the session man 
ager module 430, the hardWare manager module 435, the 
resource manager module 440, and the connection manager 
module 445 are all resident on, and execute from, the 
primary telecommunication service system 110. Abackup of 
each of these module 425, 430, 435, 440, 445 may be present 
on one of the additional telecommunication service system 
110‘, if available, but the backup is not functional unless that 
module 425, 430, 435, 440, 445 on the primary system 110 
fails for any reason. 

[0080] Generally, the system manager module 425 tracks 
all of the applications 410 Within the telecommunication 
system 100. The system manager module 425 determines 
Whether an application must be transferred to another appli 
cation, re-routes, as necessary, and performs load balancing 
Within the telecommunications system. 

[0081] The session manager module 430 monitors the 
active sessions of the applications 410 and the other tele 
communication service kernel 320 modules 425, 435, 440, 
445. Once a session has been started by the system manager 
module 425, the session manager module 430 is responsible 
for the session for that application until the application 
completes execution. At that time the session manager 
module 430 Will inform all the necessary modules that the 
application has been terminated and Will then end that 
session. 

[0082] The hardWare manager module 435 con?gures all 
the hardWare resources, e.g., the telecommunication 
resources 220, Within the telecommunication system 100. 

[0083] Con?guration includes determining the capabilities 
of each telecommunication resource 220, assigning logical 
unit identi?ers to each resource 220, and mapping the logical 
unit identi?ers and logical units to physical hardWare. The 
logical unit identi?ers are then used by all other portions of 
the telecommunication system to determine telecommuni 
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cation resource capabilities and locations. The hardWare 
manager module 435 also supervises all the hardWare 
resources, e.g., the telecommunication resources 220, that 
are not currently in use by any application 410 in the 
telecommunication system 100. 

[0084] The resource manager module 440 maintains oWn 
ership information related to the current usage of all tele 
communication resources 220 in the telecommunication 
system 100. The resource manager module 440 handles 
requests from applications 410 that are requesting or releas 
ing use of a telecommunication resource 220. The resource 
manager module 440 takes the telecommunication resources 
220 from the hardWare manager module 435 for use by the 
application 410 and returns the telecommunication resource 
220 to the hardWare manager module 435 When the appli 
cation 410 is done With that telecommunication resource 
220. 

[0085] The connection manager module 445 maps voice 
and data paths betWeen telecommunication resources using 
routing tables, resource tables and connection tables. The 
connection manager module 445 is responsible for creating 
the most optimal or ef?cient route available at any given 
time betWeen tWo points, for example, one telecommunica 
tion resource 220 and another telecommunication resource 
220. The connection manager module 445 also sets up the 
route, informing the application 410 that the route is ready. 
In addition, the connection manager module 445 may sWitch 
a route dynamically While the application 410 is executing 
and Will tear doWn the route When the application 410 is 
?nished using the route. 

[0086] The connection manager module 410 alloWs the 
application 410 to couple to a telecommunication resource 
220 that is allocated With another point in the telecommu 
nication system 100. The other point may be, for example, 
another telecommunication resource 220 or a STE 235. 
Keeping the route connections Within the connection man 
ager module 445 and only informing the application 410 
Whether a route is available or not reduces the complexity of 
the application 410, because it reduces the number devel 
opment paths that are necessary, as Well as speeds the 
development of the applications 410. 

[0087] FIG. 5 is a block diagram illustrating one embodi 
ment of the system manager module 425 in accordance With 
the present invention. The system manager module 425 
includes an inventory unit 510, an application start unit 520, 
and an application transfer unit 530. 

[0088] The inventory unit 510 maintains an inventory list 
of every application 410 and every telecommunication 
resource 220 in the telecommunication system 100. To 
maintain the inventory list, each application 410 Within the 
telecommunication system 100 is listed along With the node 
Where that application is located. Further, each telecommu 
nication resource 220 coupled Within the telecommunication 
system 100 is listed along the node Where that telecommu 
nication resource 220 is located. In one embodiment, the 
inventory list may be maintained in a tabular format. 

[0089] The application start unit 520 initialiZes applica 
tions 410 to begin executing Within the telecommunication 
system 100. In particular, the application start unit 520 
locates the node and the requested application in response to 
an event occurring Within the telecommunication system 
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100. Once the requested application 410 has been located, 
the application start unit 520 determines Whether the appli 
cation 410 is already running. If the application is already 
running, it only needs an event to begin operation. Other 
Wise, an event Will begin the process of executing the 
application 410. 

[0090] If the application 410 needs to be executed, the 
application start unit 520 builds an application initialiZation 
message that inform the operating system 310 to begin 
executing (processing) the application 410. It is noted that 
the event may be telecommunication signal based event, for 
example, a signal indicating that a line coupled With some 
STE 235 has been seiZed. 

[0091] The application transfer unit 530 handles requests 
for transferring telecommunication resources 220 betWeen 
applications 410 or the modules of the telecommunication 
system kernel 320. By handling transfer requests, the appli 
cation transfer unit 530 alloWs the telecommunication 
resource 220 to, for example, move a particular caller, for 
example, betWeen different applications Without requiring 
the caller to hang up and call a different number. 

[0092] The application transfer unit 530 also helps the 
system manager module 425 maintain a proper load balanc 
ing distribution across the telecommunication system 100. 
In addition, the application transfer unit 530 re-routes appli 
cations across the telecommunications system 100 if a 
particular node fails, thereby minimizing impact on opera 
tion if a particular node fails. 

[0093] FIG. 6 is a block diagram illustrating one embodi 
ment of the session manager module 430 in accordance With 
the present invention. The session manager module 430 
tracks each session of each application 410 as it is started by 
the system manager module 425 and maintains a list of all 
active sessions of applications 410 in the telecommunication 
system 100. 

[0094] The session manager module 430 includes an 
application registration unit 610 and a bookkeeping unit 
620. The session manager module 430 is responsible for 
insuring that each application session’s telecommunication 
resources 220 are released back to the telecommunication 
system 100 When that session of the application 410 is 
?nished, terminated or cleaned up because a session termi 
nated prematurely. The session manager module 430 also 
keeps communication resources 220 from being locked 
aWay by applications 410 that are not coded correctly. 

[0095] The application registration unit 610 registers each 
application 410 that is currently executing Within the tele 
communication system 100. Once the application 410 is 
registered With the application registration unit 610, it noti 
?es the other modules 425, 435, 440, 445 that a neW session 
has been created for the application 410. Similarly, the 
application registration unit 610 noti?es the other modules 
425, 435, 440, 445 When a session has been terminated for 
the application 410. 

[0096] The bookkeeping unit 620 provides bookkeeping 
type services for the telecommunication system 100. For 
example, the bookkeeping unit 620 may include a Watchdog 
sub-unit, a traf?c-log sub-unit, and an error sub-unit. The 
Watchdog sub-unit monitors the operating system 310 to 
detect process malfunctions. When a malfunction is 
detected, the Watchdog sub-unit checks the application reg 
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istration unit 610 to determine if the malfunction Was related 
to an executing application. If the malfunction Was related to 
an executing application, the Watchdog sub-unit issues a 
message to clean-up or terminate the application. 

[0097] The traf?c-log sub-unit performs, collects, and 
stores a detailed usage analysis of all nodes 110, 110‘, 
telecommunication resources 220, and executing applica 
tions 410 in the telecommunication system 100. The col 
lected analysis information is used for monitoring system 
performance and evaluating system utiliZation, load sharing, 
and other performance related information. 

[0098] The error log sub-unit collects and stores informa 
tion on all errors that occur in the telecommunication service 
kernel 320. The error log sub-unit also collects and stores 
errors generated by applications that are executing in the 
telecommunication system 100. The error log sub-unit aids 
in maintaining a history record of problems Within the 
telecommunication system 100 and aids in providing diag 
nostics assistance for the telecommunication system 100. 

[0099] FIG. 7 is a block diagram illustrating the hardWare 
manager module 435 in accordance With the present inven 
tion. The hardWare manager module 435 includes an iden 
ti?cation unit 710, an availability reply unit 715, an avail 
able pool unit 720, and an event noti?cation unit 725. 

[0100] The identi?cation unit 710 con?gures the hardWare 
resources, including the telecommunication resources 220. 
Speci?cally, each telecommunication resource 220 is 
assigned a unique system identi?cation reference. The sys 
tem identi?cation reference includes a node number for the 
physical hardWare connection, a sequential identi?cation 
number that identi?es the actual telecommunication 
resource 220 itself, and a physical port number Within a 
telecommunication service system 110, 110‘. The system 
identi?cation reference may be stored in the identi?cation 
unit 710 in a tabular format. 

[0101] It is noted that each telecommunication resource 
220 from a given manufacturer or vendor is given a physical 
identi?cation reference, for example, the sequential identi 
?cation number, by that manufacturer. The sequential iden 
ti?cation number alloWs the telecommunication system to 
identify the telecommunication resource 220 for internal 
interfacing or communication purposes. 

[0102] Thus, the system identi?cation reference alloWs for 
ef?ciently managing the telecommunication resources 220 
in the telecommunication system 100 because other com 
ponents of the telecommunication system 100 do not need to 
store this information. Moreover, as telecommunication 
resources 220 are added or removed from the telecommu 
nication system, they can be immediately identi?ed and then 
either made available or not made available by the telecom 
munication services kernel 320 for requesting applications 
410. 

[0103] The availability reply unit 715 provides an avail 
ability message to the resource manager module 440 that 
indicates Whether there is a telecommunication resource 220 
available for a requesting application 410. If a telecommu 
nication resource 220 is available, the availability reply unit 
715 can assign that telecommunication resource 220 to the 
resource manager module 440 for the application 410. 

[0104] The available pool unit 720 provides an informa 
tion database as to a pool or bank of telecommunication 














